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REPRESSOR OF ESTROGEN RECEPTOR ACTIVITY 
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BACKGROUND OF THE INVENTION 

The steroid hormone receptors constitute a class of proteins to which specific steroids 
bind and which function as transcription factors that regulate various genes that affect growth, 
development and homeostasis. The steroid hormone receptors include the glucocorticoid 
receptor, progesterone receptor, estrogen receptor (ER). mineralocorticoid receptor, androgen 
receptor as well as receptors for thyroid hormone, retinoic acid, vitamin D and other 
compounds. Steroid hormones enter cells by passive diffusion and interact with their 
respective receptors in die cytoplasm or nucleus. The binding of hormone to receptor is said 
to activate the receptor. Activated receptors are able to bind to cognate recognition DNA 
sequences associated witii target genes affected by tiie hormone and regulate gene transcription. 

Changes in mRNA synthesis result in altered expression levels of regulated genes, which 



15 



20 



1 



10 



15 



20 



25 



30 



PCT/US99/26233 

WO 00/26232 

Ultimately determine the functional response of target tissue to steroid hormones. The basic 
regulation system is modulated and fine-wned by a complex array of agonists, antagonists and 
co-regulator proteins including co-activators and co-repressors, some of which interact with 
several different receptors and some of which are specific to a single receptor. For a general 
review of steroid hormone receptors and their regulation, see. e.g., Katzenellenbogen, J.A., 
et al. (1996) Mol. Endocrinol. 10:119-131; Shibata. H., et al. (1997) Recent Prog. Hormone 
Res. 52:141-1651 Mauglesdorf. D.J.. et al. (1995) Cell 83:835-839; Horwitz. K.B.. et al. 
(1996) Mo/. Endocrinol. 10:1167-1177. 

The estrogen receptor (ER) stimulates the expression of specific estrogen-regulated 
genes. The ER shares many of the structural and functional domain organizational features of 
other steroid hormone receptors. Certain estrogen-regulated genes have a role in the growth 
and progression of breast cancers . Therapeutic benefits have been observed by treatment with 
antiestrogens such as Tamoxifen. Antiestrogens compete with estrogens for binding to the ER 
but fail to activate the ER, and they are widely used in breast cancer treatment. For reviews, 
see, e.g. Katzenellenbogen. B.. et al. (1997) Breast Cancer Res. Treat. 44:23-28; Dickson. 
R.B., et al. (1987) Endocr. Res. 8:29-43; Santen, R.. et al. (1990) Endocr. Rev. 11:578-610; 
Ince. B.A., et al. (1993) J. Biol. Chem. 268:14026-14032. 

The activation function 2 (AF-2) region of the ER is known to be involved in 
interaction of ER with other protein factors [Shibata, H. et al. (1997)]. The AF-2 region of 
ER is also known to undergo a conformation shift m an ER-antiestrogen complex [Brzowski. 
A.M.. et al. (1997) Nature 389:753-758]. A dominant negative ER mutant is known to have 
a point mutation, L540Q, lying in the AF-2 region [Ince. B.A., et al. (1993); Ince. B.A. et al. 
(1995) Endocrinology 136:3194-3199; Schodin. D.J. . et al. (1995) J. Biol. Chem. 270:31163- 
31171]. The dominant negative ER mutants lack transcriptional activity and suppress the 
activity of wild-type ER when they are co-expressed in the same cells. 

The protein SRC-1 (steroid receptor co-activator 1) enhances the transcriptional activity 
of several steroid hormone receptors, including the ER [Shibata, H., et al (1997)]. In the 
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presence of SRC-1. estradiol-mediated transcription is enhanced 4-5-fold [Mclnemey, E.M.. 
etal. (1996) Proc. Natl. Acad. Sci. USA 93:10069-10073]. 

Co-repressors have been identified for nuclear non-steroid hormone receptors [see 
Shibata, H., et al. (1997)]. Indirect evidence of the existence of a co-repressor of the ER was 
reported by Lee. H.S. . et al (1996) J. Biol. C/,.m.271:25727-25730. The evidence suggested 
a protein that interacts with the ligand binding domain of the ER in the absence of hormone. 

A protein named B-cell receptor-associated protein (BAP-37) has been identified in B 
cells rrereshima, M.. et al. (1995) EMBO J. 13:3782-3792; Kim. K-M., et al. (1994) EMBO 
J. 13:3793-3800]. BAP-37 was shown to be present in cells and tissues other than B-cells. 
Although sequence data has been reported, the fimction of the protein has not been 
characterized. During analysis of the repressor of estrogen receptor activity (REA) described 
herein, the nucleotide sequences encoding REA and BAP-37 were found to be nearly identical. 

SUMMARY OF THE INVENTION 

The invention described herein results from experimental evidence demonstrating the 
existence of a novel co-regulator of the estrogen receptor (ER). Hie co-regulator, denoted 
REA for "repressor of estrogen receptor activity" is a 37 kDa protein. The REA is specific 
for the ER. in contrast with other known co-repressors that exert effects on many hormone 
receptors. The REA is the first ER-selective co-regulator to be identified. 

The activity of REA is primarily manifested by its abUity to potentiate the activity of 
known antiestrogen compounds. It is known that ER in the presence of an estrogen acts to 
increase transcription of various genes in breast and endometrial cells. Further, it is known 
that estrogen acts to promote the growth and progression of breast cancers. Antiestrogen 
compounds, such as Tamoxifen and Raloxifene have been shown to be effective in reducmg 
growth and proliferation of breast cancer cells. In addition, for patients having a genetic 
susceptibility to breast cancer. Tamoxifen has been shown to prevent or delay the onset of 
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cancer. (A.™a». L.K. Yor, Tmes. April 7, .99S, p.A,.) Nevertt>clcss, a. 
effccttv. Joages. Tamoxifen ««i Wher antieslrogens have undesirable side-effecs. 

U, prescKe of REA, *e dose of amiesaogen required to produce half-niaximal 
repressioohas been shown»be reduced as much as 50-f6id. Therefore. ,l«con,bi«o„ of 

REA »iU. an anflesttog«> compound can result in gr«ter repression and provide therapeuuc 
efBcacy a, a much lower dose of Ihe drug to is curr«tfy employed. I" a<"i*". ^ 
of teapeuiic indications for Tamoxifen and oth^ aaiestrogens can be enlarged to mclude 
^ conditions a, endometriosis, b, extending «« efficacy of antiestrogen to lower and safer 
doses. 

The REAhas»owbeenp»rMed.Recombtaa«REAmodifled by addition of an oiigo- 

histidine was purified on a nickel column to yield protein estimated at 95% purit, by SDS- 
PAGE Andbodies have been ptepar^iagdnst purified REA. Antibodies to REA, etther 

«,„o- or polyclonal, prepared by known methods, can be used to provide a sensiave and 
Sf^iflc assay for REA levels in various tissues. Polyclonal rabbi. a«i-REAa«ibod«s have 

been prepared. The a«ibodies have been used to detect REA on Westem immu«*lots. 
Fluorescence labeled a«ibodies can b. used for imm^no-staining. Monoclonal anubodtes to 
REA are under preparation. Polyclonal and monoch»ui andbodiea are usefi.1 for ,uanut«tve 
and qualitative assays for PEA. Numerous antibody-based assays have b«=n developed, as . 
„e,l-k„own in the art, includi.^, but no, limited to EUSA ^ RM-type assays, 
hmnunoassays for measuring REA are usea.1 for diagnosis at- therapy. Indw^i pa.^ 
variation in REA level can be measured using an mm™».ssay to evaMate the Idteld-ood that 
a given mmor will be tesponsive to amiestrogen. and, if responsive, to determine ^ d«age 
.cuired to beoptln^ly effective. Smu.ar.y.apatie«-sREAievelcanbeassayed,„evataa.e 

feasibility and dose of anUesttogen for treatment of endometriosis. 

The REA can be used as a therapeutic agent tor Ireatmem of breast cancer and other 
diseases associate with overactivity of ER. In particuiar. REA can be sp«i«ca«y 
0 mcorponted m targe, cells by application of known t^hniqu^, of gene therapy^ The DN A 
e^dmg REA can be combmed wid> one of several known mammary cell-specfic promo«rs 
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■ >,.rf ™»nol« suchlhatREA expressed specifically in manmacy cells. 

»n C re-aered .no. se^Uive . a«ies.OBe„ .«rapeuUc compounds. 

^^T'^ITSL disposed i.^ °f 

In addition, for those paiieiHs b ^ ^or-A i nr RRCAII gene, gene 

, u ^•,mo.ticteststorevealthepresenceofalteredBRCAIorBRCAUgen,6 
example, by diagnostic tests to rev v the known preventive 

therapy to increase expression of REA in breast cells can enhance the know 
activity of antiestrogen compounds such as Tamoxifen. 

KEA can also be used in a variety of assays to test compounds for estrogen or 
! A^inv^roassayisbasedontheligand-depeudentbindingofREAwith 
antiestrogen activity. An in vitro assay . ^ , ^. ^. ^oti, are labeled. 

• f T>c A PR can be measured if either one of the two or Doin arc 

r do es^oge.. A ccl,-..sed assay =.p.oys cells in c^»e 

encod.. ^ ...» - . — i: 

. M„f™FR-reBilaKd reporter. The presence of an esttogen can ie> 
mderconltolofanEKreguiaie v .™,„™i„llsiniediicedactivity. 

. « .™.<-.rtvilvwliiletliepreseoceofanannesttogeniesullsmie™ 
leveUofreponetgeneacnvitywmiem i. j.™, m which the inUbitory 

This assay can be used to determine fte degree 10 wnicn the 
reladve to controls. This assay can ^„,bpa and thereby to characterize me 

^ or ancicstrogens is enhanced ,n .be presence f ^■^^^ „f heA to ER is 
^yce«ec.ve^so.di,,eren.a„ies^»--«-^^^^ 

using Uboled REA a ^ ^ increases the 

antiesBogen co»pound m _^ ^^ihed assay s,s«ns, 

screened for estrogen or antiestrogen activity. 

A technique for mapping the domains of REA which interact with receptor and are 
Atechmqu N-terminal and C-terminal deletion mappmg of 

30 requiredforrepressionhasbeendeveloped. , ^e^^een amino acids 150 and 

REA indicates that repression depends on two sequences that he between 
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m amino acid. 19 ««! 49. BoOi n=gio,.s appear «, be tequtoi for repressioa. Furfter 
ctanc^rtotion of mncriona. do^te of REA can provide i^igh. i«o *e n.»re of d>e 
teeractfons a-d aid in d« design of sniall ■nol«:ules to. modify repressor acavrcy. 

Tie invention teefore iK:l«des a method for titerapy of a disease associated witl, 
overacdvity of ER, by providing ,i>e affected cell. v,ith REA combined with an antiestrogen^ 
b particular the REA can b= provided »ithin the affected cells by transforming the cells w,* 
a DNA encoding RBA combined wift a promoter specifc for exptession in the affected cells. 

The invendo. also provides methods for testing a componnd to determine whether or 
no, it has estrogen or amiestrogen activity. An i» vUro bindtog assay is provided, as well as 
a cell-based assay, using cells co-transformed wHh a gene «,coding REA and a reporter gene, 
the latter being under transcription control of the ER. 

The invention provides p»rifi«J REA. antibody to REA. expression vectors for 
syndesis of REA in ceUs transformed by the v^or, aM labeled REA having an indicant 
attached d,ere» or incorporated in its stincm^. The im^tion «rrfl,er provtdes fbr 
measuring REA using an immunoassay. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig 1 is a diagrammatic representation of segments of human REA. shown as 
horizontal bars, together with the repressive activity associated with each segme^. ^ N- 
terminal and C-tenninal amino acid numbers of each segment are given at the left and nght 
ends, respectively, of each bar. 

Fig. 2 shows reporter gene activity for an ER-regnlated gene in culmred cells. CAT 
is chloramphenicol acetyl transferase. E, is esoradiol. 

InFig 2A, relative CAT activity calculated as percent of CAT expressed in response 
«, E, stimulation (vertical axis) is graphs) as a limction of increasing level of ERL540Q 
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(solid line) of 10 ng of REA. 

estrogen response element (ERE). 

fi The reoorter construct is that of Fig. 3A. 
In Fig. 3B. m « estrogen receptor p. The repone 

Th. renorter construct is regulated by mouse 
InFig.3C.PRisprogesteronereceptor. The reporter co 

^ary tumor virus (MMTV) promoter. 

The reoorter construct is regulated by SV- 
lnFig.3D,RARisretinoicacidreceptor. The reporter co 

DR5, a RAR-responsive promoter. 

,,,.3.W..».^.«^-p..eMv«.o.„.^^^^^ 

«n,nter having 5 copies of a Gal4 upstream activatmg seq 
wWch regulates a promoter havmg o^,v 
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^"^^^^^ ^. ' r^n<^ PAGE) of p^Sl-methionine 

be^ds in *e ot T (Bans hydroxy ^^^^^ ^^^^ p^^, 

P,c«in *.e. fron, Sepharose was PA ^^^^^^ 

le^Ur nu.« ^«o« a.= shown * of each pane,. 

. ,s a se. o, .ap. s.w>. ...ve '^-^^^^ZZ 

rtl,REA.Therelauve»Mm„ofteCAT reA was present a. *e 

Uve.ofSRC-.— nvec-orareshowno.^— »^ 
amoun. (Of Ba-f--" -tor express-g REA) tor 

and rigbt hand panels. 

,,_.^ra..o.phofS..^^^^^^^^^^^ 

-^''^:::"--n!i.^---»- 

.epresent-f^^onofrhe^^.^ 

DETAItED DESCRIPTION OF THE INVENTION 

„,ffiR)U.honnone.ac.iva»l,rans.rip.ionf»».rfl«.n«iia«sae 

^'^^"^''^^.^sandin.varieryofomer^ge.as^.I"*- 
ttologicale««.s of esttogens mbreastcan „„.„E„.a,ed genes lf*>r reviews, see 

^,«„ERs.-a«s««express.onofs^*- o^^^^^^ ^^^^^ ^ 

,„ ««v. .:29., — d^lrowrh a., progression of hreas. ear^rs 

Beeause of Ave role of estrogens m p«.n.oung tne gi 
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l0..son. R.B « a, «»^J^- ^ BR so . » suppress 

e„e„Uygrea,m.=«.u,.^.-S V ^^^^^^ 

..Uesuoge. s^h as «m«,fc» ^ " * ^ ^ ^, „ ac.Wa« *e ER. a». 
^„„,e.con>pe.«i*es,™..nsforb.d^».^^ ^ ^^^^^^ 

« „ w>« use. in ^< ^' TTv^ „^,S^.i'-"^37S,. 
HQ Mai (1997) sMpra; Jordan, V.C. et ai. ^.i^:* ; 

same cells lInce,B.A.etal. (1993) 7- 



Bio/. Cftem. 270:311631. 
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• cT>c oitpred in the C-terminal, helix 12 

t rr^. „ ^ea o. ^ 

domtoffl Begaove ERs indicated tn ^ ^^^^^ 

— - ~:^re~ ^ - -d . 

,«p„nse .len««s. How«=r, iheu repress, 

for on., — ■ "^'^7 

^„<,™.sBenci.gn-.B.A.«a..a995).,^r* 

..^,.s.ed«...edo— ne.U.BR.or.a._^^^^ 
_,>«,^don.na..«.-BRconrpU.a^--;--^„^^„ 

«g.fl,enMa«ERU40Qas ba, J ^ «» line cDNA Btorj 

tot express pcol«n(s)lliati««»« „„„„f*eGAUDNAbii.ding<lo.namand 
e.. Ap.asnude.^i«.aci,i„«rieprote,n— 

^HRae,i«Uondo,^in.»«.a™«aUonata.n«a^.dm ^^^^^^ ^ ^ 

, „»a,.fem»d a eDNA UbratV '■"■".";^^h:,NA), intotKeYRG2 
„.nsiationa,*.io«»i.ht,.OAW-rans.cUv.»ngdon,.m(OAU K 
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,eas, s™„. ™. yeas, s-aia ^ ^ a --P"; 

U«a„d.I.^«por«rgcn=.»«.«.^-n„o,of«.GAUupsuean,ac„va.„g.^^^^^^ 

ER-i«e«.i^c.o:«*«e«n ,„,a«dft»H.s,n««usegenepos,uvedoaes 

(10). 

,„ way, w= a Cone, .m. ..^^ 

,ecep.o, Acu,i.,.- The in«racUon of REA wi* BR «.ion pro«in ^ confinned 
:l„-n. -e— wa..o«..o.«.a»..epen.«,.-^a»^ 
^„*,io„ tron. or rc^- g.«s wa. observed oMy » p^n. 
anries Jgcn or esuadioU a». U occurred pre« in ^ presence o, a™es«,sen. 

The REA inser. in GAUAD) was sequenced, and d,is sequence (-700 bp tron. *e 3' 
an, coding regions, was c^pared .0 ^ gene da*n. using ^ BIA^ search prog™. 
TwUld o have 99% ho«.og, wi* a >ar^ EST Cone. whiC we obuu^ ftonr -he 
It was touna lo todicattd an open 

MAOE Cons^ium. Sequence analys. of a. 1500 b^ 

reading frame of 897 bp SEQ ID NO 1 (299 amn» »:.ds SEQ ID N0.2, T. ,, 
lt^Lpo,e«talnuclea,,oca,ira,lonse,uenceand»Cearrec.p».in>er«nonhox<UDai 

rrrZencedescHbed,.re,nhasbeendepos..edin*eGenBan.da«base,Access.on 
I AP^2 The cone Shares „e.rIycon,p,e.ide™i.y(99%,«i*U>egeneforan«n.e 
NO.AF150962. inec ,„,.,„ mAP.371 origtaaUy isolattd iteMigh its 

ptottin named B^U receptor associated proten. (BAP 37), ong y 
nhvsica. assoCation with .he B lymphocyte IgM antigen reciter CTeraahM^. M. e. al. (1994) 
Z^jT^m- Ansari-Lari, M A. eta.. (1997) (^-.a»eR«. 7:2681. Theb^anortholog 
l^n .oca,^ on chromoson. .2 rTerashhna, M. (1994, 

<49% amino ac'td identity,, a ubiquitously expressed regCator, prote, ^ K..M ai. 
(.„4, mno J. 13:3793; McQong, J.K. et al. (1995, E^. Germol 30:99]. 
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151 
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C« A^C Tt= «0 CAC TO CC<= C=A COO CTO CCC OCC === 

ATG GCC CAG AA^ ^ ^ l A G R 

M A Q ^ ^ 



^ ^ ^ ..r rTr TTG CTG GGG GCC GGC 

«c coo «c A^ oo: .CO occ CT^*^™^^ 0 . c 

p R G W 



o:co;o:c:co;.o.coc=»^«ST^^=r="^=' 

^ocIclcc-r-TT^'f'l'^^^^""^^ 

G t< ^ nrr CCT TGG TTC 

cj= occ 0.0 ooc c.. c.c ^c ^ - „ , 

: : T =^ T T =f 

^ ooc .cc ^ 0. c. C.0 ojo Y 

S S P ^ ^ ^^r rn-r CCT AGC ATG 

C; CO. 0.0 T.0 XCT CO. CCC oc. CJO 0.C cc ^ „ 

SkT . .^r CAC TAC GAG GAA CGA GTG TTG CCG TCC 

TAC CAG CGC CTA GGG CTG GAC TAC G^ ^ ^ ^ ^ P S 

Y Q ^ ^rrn rrr AAG TTC AAT GCC 

..r CTG CTC AAG AGT GTG GTG GCC AAG 1^ ^ 
ATT GTT AAT GAG GTG CTC AA ^ ^ ^ ^ K F 

I ^ ^ ^o,, -rrr CTG TTG ATC CGC - 

C.0 CO ..c ACCC^ «c C.0 o« .cc c^ , , „ 

S Q ^ ^ m ^ „TC AGC CTC ATC CTG GAT 

COG GAG CTG ACA GAG AGO GCC AAG GAC TTC AG ^ , , o 

R E ^^-Picc ^„ AGC CGA GAG TAC ACA OCT 

OAT GTG GCC ATC ACA GAG CTG AGC TTT AG ^ , , t A 

D V A 1- . ' .Q CGG GCC 

rrc AAA CAA GTG GCC CAG CAG GAG GCC CAG C^ ^ 
GCT GTA GAA GCC AAA ^ ^ q q E A « 

c:™"o-=rT-/^==s==^"=^«="°^'" 

ol do occ 0.0 00. 0.0 occ 0.0 OCT occ .0 .JO cj. - - 

V Q ^ ■ rTT CGC AAG ATT CGA 

OC. C« .OC "CCCr 0^ T^C .TC C.T CO ^ ^ , 

A ^ ^ ^-r- irA TCA CAG AAT CGT 

OC. occ CO .TC .CC «0 .CO OCC .C. .C. , , . 

A A Q ^ ■ ^^r i,AC CTA CAG GAT GAA 

... cc .0. OCT 0.C ..c c^ o« c^ ..c c.. , „ e 

I ^ r.r<n ^rr AAG GOT AAG AAA TGA 

... TTC .cc 00. .0/ .OC CTC ..C MO ^ ^ , . 



Table I 



11 



10 



15 



20 



PCT/US99/26233 

WO 00/26232 ^ ... 

^ „„ ^ s^a. a. ^o.> - 

f ^rrviucts and processes have become available to the art. eime 

. PPA The segments Of human KEA ammo acids 19-49 and uu 
identifying an REA. a protein having REA activity will be 

required for maxunal repressor of ER activity. 

p^,.™., «bile vanams h.vo« a. .cast 90% nr. .no^ preferred. 

^r.r...^ nr sinele chwn antibodies, can be 

^ti,«Mc 5IQ for example those described by Hariow, 
gereracod by kr^wn metais as ^r ejP ^ 

-----rrrjrp^r:. as kh^.u.0 «s, or o^.^ 

AMbody preparaaons can be purified and clear ^ 
native REA. By binding specifically to an REA or a 
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•«hiWt REA activity. Such antibodies can also be used to assay levels of REA 
...od^escan^tR^-^^ 

level are more strongly 1 .^tivity can be useful for diagnosis of a 

pffftrts An antibody-based assay for RbA aaiviiy w 

measurement of REA, as wm DC au «ich assays are based 

wpi of sensitivity and convenience desired. All sucn assays ai 
will depend upon the level of sensitivity «„tibodY-REA complex. 

•u J u^,tui UFA or of the amount of an anUDoay RCfv f 

Such assays mclude, but are noi m 

. • noccv Accordinely, it wfll be recognized by those sKiiieam 
(immunohistochemical) assay. Accoramgiy , 

^ c^r^ The enzyme-linked immunosorbant assay (ELISA) ana w 
immunoassay desired. 1 he enzym .„rr<.ntlv used for example, 

K cmrhemical assay are all standard assays and are currently used, tor v 
and immunohistochemical assay ar The ELISA and Western 

• ti,. l^vel of estrogen receptor in breast tumor samples. The bUiA an 
in measuring the level or esu:ogci f „„„ohi«tochemical assay are 

p^rfon^donHssuesecuc. AUome^a^ ™ Us^ below. a>. of which 

, Meo. S., B. ^ O... M., -Oe^a.. ^ 



REA. 

1 



Cancer Res.. 57:1066-1072 



30 



Lou D . ana Kara^^o. P. tao„«oh.s.«hen,^' .e««io« of oea»^n 
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• „f fh^ hreast (1996) Eur. J. Surg. Oncol. 
receptors in ductal carcinoma in situ of the breast. (19^ 

22:578-582. 

samples.- (1995)H«.P<»W..26;aM-294. 

co.p..» or .wo — a-ibCles.. (1,95, .p™. 

T u , „ Q T? Salter J , Detre, S. and Dowsett, M., 

. u o^titQtwp enzvme immunoassay, (lyy'*) 
embedded breast carcinoma tissue with quantitative enzyme imm 

cm. Pathol. 47:900-905. 

, X^i,L.M.,Vap,S.P.andCheah.P.L.,correla.on.tw.^^^^ 

e.re.ion . i— ^^^nl^^ 
in^nohistochemistryandcytosolmeasurements. (1997)^m.^ 



26:750-753 



.A in tissue can also be measured by measuring the level of 
levels of REA expressed m tissue can als ^^^^ 

separated according to size on Gel electrophoresis. 
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■r^ ^^^^ cha^^d.*. of »EA can be us^a for a .c,«Mag assay .o iden,* 

BR.U.a.-.epe..a... 

cite, an =«rog«. or and««og«. nm. be preson tor REA binding .o ER. 

An ande.<rog«. screening assay involve. n»i»ri,^ pro«in-pro«in in.eracdo„ in 
„nichteaWmyofcon^nnds.opronK>.i.«eracUo„ofmwi,hes«ogen,ecep»r,^tno. 

CIteiLrac«onofSRC.U««s»™i.reccp.orcoacUva.or.l,wi«nre^^^^^ 

lure. TO n,o„i.or RE. i-erac.ion wiU, es»gen recep»r, an assa, can ^ u^^ 
Llrstein-eracuonof tesei^P^insaspron^^byananttes^ogen, suchasa OST- 

pll assay as described >.re.,. Exan^Ie 4 aM Fig. 4. GST (ginutbione*«an.fe^) 
n tiL OST.s.roge„ r«..or iigar. birKiing domain ...on pro^n, a.- a- 

^Zrn.^y radioiabeled REA (s»cb as 35S, or radiolabeled SRC, ^ 
:Zri.epresenc.andabse^ofc™,^bei.«screened«nanries.ro^cu^ 

Lesrrogens recrui, REA .0 esrrogen recepror, bu, no, SRC. .0 esrrogen recep»r. (See 

Example 6, Fig. 6.) 

Reuted assays of protein interacion incinde sch^UaUon proxinri* assays surto 
Relatea assay y fFRET). In the ScintiUaUon 

piasn^n resona^. and nuoresccnce ""^^1^1^ . .ei-man. b, an 

:2rorrrrrro«.eLgenrecep»risassa,edbyan^c<^^ 

ZZZ. Plasn-on Resonance Assay, esnogcn receprc, is «tered ,0 te sensor 
ry::^ria«.ecbno,ogy.and^.isand..ndn.dn.erac.n-R^.^^^ 

/^e.u^signa.. tr::rr: ^ :i 

. t_ T»cA ;o fr^Hnwed bv an increase in the rKiii ociwwu 

tae^edREA^vithaflourescentlabeledanti-histidine-^^^^^ The FRET reagents f 

tagged REA^v. ^^^^^^.^^^^ ^^^^ p^^^^ 

30 epitope tagging REA or SRC ,,i,,p,tner is tethered) orlabeling strategy 

Company. Ineach of these assays, the role (i.e., whicn parm 
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(,e. . w^ioK ^^r is -dioUbelcd or fl»ores«n. Ub.W) of ^ ««og» «=epK,r and REA 
(or SRC-l) can be reversed. 

REA^strogen «cep»r in«rac,ion b, surftcc pla™. r.ao»nce can be done u.i„g a 
B.eore—a.^n.Bi.eo.AB™.S««.o>». Sweden, asd^cn^^^^^^^ 

B,;, 14.3329.3338, ror.n^,in.vi.a„.inD,ecep,ora».RXR«ep»in«,a«io.w.mDNA^ 

depe^enun— ofod«rnnc,ea„«ep.o.«id.n«.ca,recep.rcoacuva»^^^^ 
e, a. (1998) m. Mocrinol. 12:1594-1604. Eacb of tt.es. assays . baaed on o«^ 

111 -ba. anues^osens o* p..o. tt. l«e.caon of RBA ^ no. SRC-l, 
Xn,ecep.or.«bilees„osensp.onK»ein^c.ionof^d>SRC-l.ndREA«hes».g» 

:Z ~, m sceen^. for *e abi„„ of „w eon^pou™. » .« as an annes,rose. 
X»aresc.eenedo„<,s.„eees.roge.pro.„«d«,n«racttonofes,.,enrecep«w.tt. 



5 



SRC-l. 



30 



Tbe expression of REA in a desired hos. cei, . an import, .spec, of .be inven^^ 
S,„tt«sisofREAfortt«purpose„fisoia.io„ar.pnr«caaondepe^snpon^««a.^^ 

cimbinado. of a pro«,er oi«ra,ivei, iinked .0 a nncieottde s«,.»ce encod,ng REA, In 
:d:::tt«p«s:inve„.onpro.desa„oppo,.ni,,»i«.«..o«bof««a™« 

«„sb,.ra.^o„ningd.ee„s.oexpre.sREAa.e,eva,ed,eve,s.Cer«mcancerse.g^.b^ 

ares.i»>a.edb,es.ro.e.andi.ibi.edbyan.es™sens. B, 

^els of sncb eeUs, .b. in«ory effecs of a„.ies.rogens can ^ srgnrficantty «npl^ 
!^I,sfor»^«>™Uonandexpressio„accord.,.od«presencinvenUon».ann«p«^^ 

ZnentofaO^ape™.— ion.s.nr.Se,ecUonofapro„™^ 
nrincinUs kno^n in fte an cddng advantage of l=nown funconal adnbnBs of g.v. 

cI^,eexpressio..ce„orspec«sconrpa«U.,.wbed«r.bepro.o,e,isreguiaubl.a^ 

!j,:I.a..n»re»cbpron»».ar.i.ingcona..»y^--'.-«-'~^^^^ 
r^,inge.pr.ssioninc,„dingnps«an..ca,attngse<.e^.=l-.-P°-'»^ 
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environmental conditions. 3' or 5' untranslated regions, transcription termination signals and 
the like can also be incorporated into a vector for expressing REA. as known and understood 
in the art, given the desired goals for the amount of expression, type of regulation, and host 
cell specificity that one skilled in the art may wish to achieve. 

The term "REA" is used to stand for repressor of estrogen receptor activity, a protein 
of about 37 kDa having unique fiinctional properties, which acts to potentiate or amplify the 
repressive effects of antiestrogen. Human REA is exemplified. An REA (including an REA 
of another mammalian species, or a modified human REA) has functional properties as 
described herein and physical properties similar to hmnan REA. especially in tiie region 
corresponding to amino acids 19-49 and 150-174 of human REA. 

Activity as a repressor of estrogen receptor means the property of potentiatmg or 
amplifying die repression by an antiestrogen of an estrogen-regulated gene. REA activity can 
be measured by any of tiie methods exemplified herein, or by any otiier method for comparing 
the expression level of an estrogen-regulated gene in tiie presence and absence of an 
antiestrogen and in the presence and absence of an REA. In the absence of REA, a given 
concentration of an antiestrogen reduces the expression level of an estrogen-regulated gene by 
a measured amount. Under the same conditions except for die presence of REA. eidier the 
same concentration of antiestrogen produces a lower level of expression, or tiie reduced 
expression level is obtained at a lower concentration of antiestrogen. 

A segment "corresponding to" a segment of human REA is a part of a non-human or 
modified human REA having die same general location on tiie molecule, and being associated 
with the same general functional attributes. For example, amino acids 19^9 and 150-174 of 
humanREAhave corresponding segments inotiiermammalianREA in approximately tiie same 

locations, taking account of the possibility of variation in over-all lengd. as well as deletions 
or insertions within non-essential regions. Otiier structural features such as sequence motifs, 
disulfide bonds, sites or postranslational modification, sites of protease susceptibility and ttie 
like can also provide useM reference points for identifying and delineating corresponding 
segments, as is well-known in tiie art. 
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-Amino acid sequence identity" refers to standard known methods for comparing amino 
acid sequences. Percent sequence identity is measured by making a best fit aligmnent of the 
sequences under comparison, then subtracting any deletions, insertions and mismatches to 
calculate the percent of identical amino acids of one sequence compared to another. Such 
comparisons are commonly aided by computer analysis, particularly for finding tiie best fit. 
using reference databases, e.g. BLAST. 

The ™. -bWtag sp^iffcity- as applW » m antfbod, is used to &c. mi 

a„,ibody molecules U«mselves bav. geuerally siMlar sm«.ral fe.»es «,d commo.1, 
charac^med in d« a« eifter «itt„e3pe« » U>e ancigeo used to geoente the anUl»dy. <^ .0 
d,e pro.ei„. wid, wluch d« andbody reae«. Tl» amibod, taction is bind «, d» anugen or 
pr„,eia « includes ,he anSgen ia iK s«ucmre, «, fon„ an andbody-proKin complex. K .s 
„e,l-,.o™ how ,0 purify antibody prepan.tons .0 « antibodies dia. cross-reac. vnd, 
ofl,er proteins, so toe antibodies dta. are selective ft. .he desi«d protein are purified. The 
.erm -billing specificity- U,=,efo,e includes only binding aflinifl, ^, .be destgnated 
protein, but selectivity for diat protein as wen. 

A -promoter- is d,a. par. of a gene *Uch direcB a»i s*nulaKs ascription. 

P.mo,e,s Wically «= ups^- ^ « -"'"^ '"'^'''^ "'"^ ^ 

.gion,. AUrgenumberofpromo.rsaretoownaMavaiUble,od«ar.. ^y'^ 

c^tstimtive promoters include commercUl availabU promoters of cytomegaloviruses (CMV). 
SV40 R„ussa.«nuavin,s(RSV),andtbymidinekinase. The herein desaibedpS2p.cmo«r 
i, a i^ful consdtutive promoter. Inducible promoters i»:tade pmmoters inc.»l. 
metallodtionein, «»acycline, and ecodysc-induced pron«er, aU av^lable co^^ctally. 
Conuncrctal souxe. for promoters include Clonuch, Palo Alto, CA ,,„c..^m^^ 
S,„u.gene P"""* (w»w.pnu.com) and Invnrogen 

...„.„„ ,„.,t„„^.n.comi. among others. The seiectton of a suitable promo«r for express^ of 
REAinal»s.eenc«.tecarriedo„tby anyone skUledmd^ sr., taidt^i-oconsiderauond^ 

characteHsticsof.hepromo.era.-thedesired,eve.ofexpressionaswe,,asdesi«d.nn^^^^ 
, circums^ncesofregulation. For a general review ofpromcers, see Chambon, P. e....0984) 
ReuMFroB Hon.. m:lA2. Inducible regulation of expression using dtetetracychne- 
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responsivepromoterisdescribedbyGossenM.etal.(1992)Sd^«ce268:1766-^ ThepS2 

promoterisdescribedbyJeltsch,J.M.etal.(1987)N«c/.^cfJ../?e^^ 

articles from the laboratory of P. Chambon. 

A "transformation vector" is a genetic element that can be transferred into a desired 
host cell, and which carries genetic determinaitfs for expressing a specified coding sequence 
within t^e host cell. Typically, the transformation vector is a plasmid or a modified viral 
DNA Using any of the many known methods for in vitro or in vivo transformation, a 
transformation vector can be introduced into a host cell, within which the desired gene is 
expressed under the desired conditions. The choice of transformation vector is governed by 
principlesknowninthe art and dependsuponsuchfactors as the type ofcelltobe transformed, 

the desired transformation efficiency, and the like. 



In the ensuing exi 



amples. the following materials and methods were employed. 



rH.^...U.nd Material,. The antiestrogens ICI182,780 GCD and rra«.- 
hydroxytamoxifen (TOT) were kindly provided by Alan Wakeling and Zeneka (Wihnington. 
De). Custom oligonucleotides were purchased from GBCO. 

Plastnids pBD-GAU-EF was constructed by subcloning the blunted EagVBamHl 
insert from pCMV5-ER (wHd type or LF40Q mutant) into the £c.RI-digested and blunted 
PBD-GAL4 (Stragene). pCMV-REA was constructed by releasing REA cDNA from the 
PT7T3D-PAC vector by XhollNotl digest. The insert then was blunted and subcloned mto 
&fl/5m^I-digested and blunted CMV5. The pCMV5 expression vector for the wild-type 
human ER (WT-ER«), the dominant negative ER L540Q [Fields, S. et al. (1989) supra; 
Terashima M. et al. (1994) supra^, human ERP (530 residues), and human progesterone 
receptor. pCMV5-PRb. have been described. The expression vectors pRSV-RAR« and pBK- 
CMV-SRC-1 pCMV-androgen receptor, and human thyroid receptor pi were obtamed from 
Ron Evans (Salk Institute. La Jolla, CA). Bert O'MaUey (Baylor College of Medicine. 
Houston). Michael McPhaul (Southwestern Medical School, Dallas), and William Chm 
(Harvard Medical School. Boston). 
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The estrogen response element (ERE)-containing reporters (ERE)rTATA- 
Chloramphenicol acetyltransferase (CAT) and (ERE),-pS2-CAT. and the CMV-ERE-CAT 
promoter interference plasmids have been described previously [Terashima M. et al. (1994) 
supra- Wrenn. W.E. et al. (1993) /. Biol. Ckem. 268:240889]. Mouse mammanr tumor v.rus 
(MMTV-CAT) was obtained from Steven Nordeen (University of Colorado Medical Center, 
Denver). SV-DR5-CAT, the retinoic add receptor (RAR)-responsive reporter, was obtained 
fromRonaldEvans.G5-ElbOCATreporterconstructcontainingtheGal4up-streamactivating 

sequences (was obtained from Michael Gr^n (University of Massachusetts, Worcester, MA). 
The plasmids pCHUO (Pharmacia) and pCMVp (CLONTECH) were used as P-galactostdase 
internal cont«)ls for transfectionefficiency.andallCATactivity measurements werecorrected 

for p-galactosidase activity [Terashima M. et al. (1994) supra; Mclnemey , E.M. et al. (1996) 
Proc. Natl. Acad. Sci. USA 93:10069]. 

To make truncated REA constructs, deletions of the REA ORF were generated by PGR 
using the full-length REA plasmid, pCMV-REA. as template. Reactions with constructed 
forwardandreversePCRprimerswereperformedby using VENTDNApolymerasefrom.new 

England Biolabs. Each forward primer contained an ATG and identical Kozac sequence, and 
each reverse primer contained a stop codon. PCR fragments were purified, digested wtth 
EcoRI and Xbal, and cloned into the ECOWXbal sites of pCMV5. 

.r.M.T;wvr.onstruction. cDNA was prepared from MCF-7 cells and ligated into 
the HybriZAP vector (Stratagene) to generate a primary X library. This library was amplified 
and converted by in vivo excision to a pAD-GAW phagemid library. The average insert size 
in the phagemid library is 1.4 kb. 

Y^^Ty^o^^mSmmm. The yeast strain YRGI (Stratagene) containing pBD- 
GAL-EF (wild type or L540Q, amino acids 313-595) was transformed with the human MCF- 
7CDN A library in pAD-GAU and plated on medium lacking histidine and supplemented with 
10-^MTOT HIS3* colonies were measured for P-galactosidase activity by using the filter-hft 
assay [Moutano. M.M. et al. (1997) Proc. Natl. Acad. Sci. USA 94.2581]. HIS3^ colonies 
exhibiting high p-galactosidase activity (Z^cZ^ colonies) were characteri^ further. To 
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recover library plasmids. total DNA from mS3\ LadZ^ colonies was isolated and used to 
transfonn&c/tmcWac.K(XU-BluMRF' strain from Stratagene). To ensure that the correct 
cDN As were identified, as well as to establish ligand-dependent interaction of promising clones 
with the ER, Ubrary plasmids isolated were transformed into YRG2 containing pBD-GAL-EF 
and plated into medium lacking hisUdine and supplemented with control vehicle, estradiol (10 ' 
M). or TOT (Iff^ M). p-Galactosidase activity was determined froraH/S3* colonies by usmg 
botfi the filter-lift assay or liquid assay [Montano. M.M. et al. (1997) supra-Y 

^,1, n»^..r. ..d Transfection. MCF-7 human breast cancer cells, Chinese hamster 
ovary (CHO) cells, and MDA-MB-231 human breast cancer cells were maintained in cell 
culture and transfected by the CaPO. coprecipitation method exactly as described previously 
[Terashima, M. et al. (1994) supra] . CHO cells were plated at 1.8 x 10^ per 60-mm plate and 
transfected 48hlaterwith2MgpCH110.5ngpCMV5-ERexpressionvector,andcarrier DNA 

to 8 total DNA per plate. MDA-MB-231 cells in 100 mm dishes were transfected with 6 
^goftheERE-containingreporterconstruct[(ERE),-pS2-CAT],100ngCMV5-ERexpression 

vector, 1 jxg pCMVp, P-Galactosidase activity, which was measured to normalize for 
transfection efficiency, and CAT activity were assayed as described [Terashima. M. et al. 
(1994) siq>ra]. 

Ij^^UmJIm^i^- in vitro translation of REA, ER, or other receptors was 
performed [Mclnemey. E.M. et al. (1996) supra] by using the Promega TNT kit. 

.„v/.r. Interaction As says. Five hundred micrograms of £. ca/i bacterial crude extract 
containing glutathione S-transferase(GST)-ERhormone-bindingdomain(amino acids 282-595) 

or GST-REA fusion proteins was mcubated at 4^ with 25 ^1 of glutathione-Sepharose beads 
(50% slurry; Pharmacia) for 2.5 h as described (18) with minor modifications. After two 
washes with 1 ml NET (20 mM Tris. pH 7.9/100 mM NaCl/1 mM EDTAyO.5% Nonidet P- 
40/0.5% milk) and two washes with 1 ml binding buffer (20 mM DTT/6 mM MgCyi mM 
EDTA) the beads were incubated with 5 ^1 of in vitro translated product for 2.5 h at 4«'C. 
The belds then were washed three times with 1 ml NET and two times with 1 ml binding 
buffer After washing, bound protein was eluted with 10 mM reduced glutathione in 50 mM 



21 



PCTAJS99/26233 

WO 00/26232 

Tris HCl pH 8 0, and boiled in SDS sample buffer. One-fourth of each protein sample was 
analyzed by SDS/PAGE. The gel was dried, and rsimethionine-radiolabeled protein was 

detected by autoradiography. 

Human REA was isoUW and puriH«l. An REA^Ugo His fusion pi«la ^ 
express^l in hos, «Us. ten purified from cdl iyaatt by passage over a nid^ column. Oucte- 
.^rged ni.romace.ic acid-agarose resin; Ni-NTA-.garose; <}utag«,. Inc. Sa«a O^. W 
,0 sundard prorocols las in K.E. Carlson, e. ai. (1997) BiocHenus«y 36:14897- 

14905]. 

Regions of human REA required tor repression of ER activiry «,e mapped l,y 
me.suringteabiii,yofvariousami„o.orca,boxy,-«rminalB.nca,edformsofREAtorepress 

U„ ability of ER-oaf^. expression ofare^r^ gene (CAT) rranscribedfhm an esuoger. 
^onsive pron„,« MDA.MB-23I buman breast cancer celis were co^ansfeced «* 1«) 
„. pCMV-ER«. and 500 ng of pCMV-REA (full-lengtb or truncated) as well as .be (EREV 
,S2^T repotrer and an inremai control p-galac»sidase plasmid as an internal stmrdard 
CeHs „e.e«ea.^wid.lO'ME, for 24 b.Tbe level ofrepresslonofERactt«„by«.ll-le.9b 

REA was se. as 100%. Tbe effectiveness of te mmca«:d forms of REA for repressing ER 
«l,Uy is sbown in Fig.lasapereen,age of Ml-leng* REA. values are*, means ±SD Of 

three to eight determinations. 

AS shown in Fig. 1 , deletion of the first 18 or the last 125 amino acids of REA had 
almostnoeffectofrepressionofERactivity.However,l.rtherN-terminaldeleUon^^^^^ 

acid 49 or C-terminal deletion to amino acid 150 resulted in complete inabd..y of REA to 
repressERactivity.(AlthoughREAl-226 appeared to be only partially active, it was a^^^^ 

suppress ER activity to the same level as fUll-length REA when higher amounts of REA 
expressionplasmidwereutUized.) Thus, repressive activity of REA requires two regions of 
REA encompassing amino acids 19-49 and 150-174. 



Example 2 . 
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The effect of REA on the ability of the dominant negative ER to suppress wild type ER 
activity in mammalian cells was examined. REA was expressed in CHO cells from the 
mammalian expression vector pCMV5 along with the hormone-responsive reporter gene 
construct ERE,-TATA-CAT and an expression vector for the indicated receptor or 
transcription factor. In obtaining the daU shown in Figs. 2A-C, CHO cells were transfected 
with 5ng of ER expression vector (described, supra) and the CAT reporter construct, m the 
presence or absence of 10 ng REA expression vector. For the data of Fig. 2A, cells were 
cotransfected with increasing amounts, as indicated, of the expression vector for the dommant 

negative L540QER (described, supra) and were treated with lO^ME, for 24 h. In obtaimng 
the data of Figs. 2B and 2C, cells were treated with lO'ME, along with increasing 
concentrations of the indicated antiestrogen, either TOT (Fig. 2B) or ICI 182.780 (Fig. 2C) 
for 24 h For the data of Fig. 4D. CHO cells were transfected with 5 ng of the expression 
vector for human progesterone receptor (PR) (described, supra), the PR responsive reporter 
construct MMTV-CAT (described, supra), in the presence or absence of 10 ng REA 
expression vector, and were treated with 10-«M progestin R5020, plus increasmg amounts, as 
indicated, of the antiprogestin RU486 for 24 h. As in Example 1. all cells were transfected 
with a p-galactosidase internal control reporter to con^i for variations in transfection 
efficiency. Cell extract CAT activity values, normalized for P-galactosidase activity, are the 
means ±SD from three separate experiments. 

As shown in Fig. 2A. REA markedly potentiated the inhibitory effectiveness of the 
dominant negative L540Q ER For these experiments, wild type ER was expressed in CHO 
cells withincreasingamountsofthedominant negative ER in the presence or absence ofREA. 

A very low concentration of REA (10 ng expression plasmid) reduced by 4-fold the amount 
of dominant negative ERrequired to suppress 50%of wild type ERactivity. AS showninFig. 

2B and 2C REA also markedly potentiated the inhibitory activity of anuestrogens. 
Inlrigumgly ,'rEA at a very low level (10 ng expression plasmid) resulted in a 50-fold increase 
or leftward shift in the inWbitory potency of the antiestrogen trans-hydroxytamoxifen (TOT) 
and the antiestrogen ICI 182,780 aCI). Thus, 50-fold less antiestrogen is needed for equal 
inhibitory effectiveness in the presence of low amounts of REA. 
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The small amount of REA expression vector that elicited this marked enhancement of 
L540Q ER dominant negative effectiveness and suppression by antiestrogens caused litfle tf 
any decrease in activity of the wild type ER (see zero point values in Panels 2A, B. or C). 
indicating that the potentiation of inhibitory activity of the dominant negative ER or 
antiestrogen-liganded ER cannot be attributed to a decrease in the activity of the wild type ER 
alone The data in Fig. 2D show that REA did not enhance the suppressive effects of 
antiprogestinsonprogesteronereceptor(PR)tramcriptionalactivityJndicatingthat 

of REA are selective for the ER. 

Exam ples . . 

Transcriptional activity experiments shown in Fig. 3 further indicate that REA ts an 
estrogen receptor-selective coregulator. For the data of Figs. 3A, 3B and 3D-F, CHO cells 
were transfected with 5 ng of the expression vector for various activators and 2 of the 
indicated reporter construct (all vectors and constructs previously described). Fig. 3A^ 
activator = ERa, reporter = (EREVTATA-CAT; Fig. 3B: activator = ERP. reporter = 
(EREVTATA-CAT; Fig. 3D: activator = PR, reporter = MMTV-CAT; Fig. 3E: activator 
= RAR reporter = DR-5-CAT; Fig. 3F: activator = Gal4-VP-16. reporter = G5-E1-CAT. 
For the data of Fig. 3C, MDA-MB-231 breast cancel cells were transfected with 100 ng of the 
ER« expression vector and 6 .g of the (EREVpS2-CAT reporter. In all cases, the ceUs were 
transfected with increasingconcentrations, as indicated, of anREA expression vector and wtth 
ap-galactosidase internal control reporter to con:ectfortransfectionefficiency.Allcells were 

treated for 27 h with the indicated ligands at lO 'M (ER; E,; PR; R5020; RAR: all-^- 
retinoic acid). Cell extracts were prepared and assayed for CAT activity, normalized for P- 
galactosidase activity. Values shown are the means ±SD from three separate experimen^- 
Numbers at the top leftmost bar of each panel show the fold induction in CAT acUvtty by 
hormone in the absence of REA (receptor-transfected. plus vs. minus hormone). 

When the estrogen responsive (ERE),-TATA-CAT reporter gene construct was 
transfectedintoestrogenreceptor-negativeCHO(ChineseHamsterOvary)cells along with^^ 

expression vector for ER« or ERP, addition of estradiol resulted in a 26-fold or 11-fold 
increase, respectively, in ER transcriptional activity. When REA and the ER were 
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coe^pr^^ tt"-*"""^ ^^'^ " ' "^"n 

.„c. . MDA-MB-«1 ^ -US HEC-l tuean eMon^^' — c= ,s »d 
r«,e co«x, of ^ ^ ^ — ' ™M^T. « *a. KEA 
does not appear w be a eell-or promoter-specffic repressor. 

,„eon«..o What was ot,serv«l«i*ER.a,KlERP,REAhadU«leor»,efte«oafte 
^npcio«UctivU,ofo,^h«receptors,taetad,,,pro,....ro»erec^^ 

SO, retinoic acid receptor (RAR, 3D), a^ ar-ro^ -P-or or thy^td « 
'tors (data not s.own,. and h h«. no e«^ on ... trat^ona, activtt, of an unreined 
^ iivoi(;(K« 3E) evenwhenamouMsofREAmudigrealerthim 
transcriptional activator, Gal4.VP16 (Fig. 3M, even wn 
ftose giving nearly full inhibtUon of ER activi., were „s«l in the sanie cells. 



"^.ei^eractionbetweenREAandERwasverift^i WeusedaproteitH-* 

infraction assay in wbiC .be affinity matrix was a gbnaddone^transfera. (G^«^.on 
prorcinwherebtG^ was fcsed.o.l«AP2 dentin of d«bnn.anER(amn»acds282.m 

otl m data are sbown in Pig. 4. For 0. dau of t,« «=P pan=., ■» W-™-— 
;"lonU.-Ubeled REA was ^ted witb G^-I^-ER Oanes .-3, or O^^^ 
LL to sepbarosc beads Oane 4, in tbe prese-KC of «..% etbano, co«ro. veb.Ce a lOM 
.„„*,droxy,a.ox.enCr),orl0^es,r.dioi(E,.For.bedata«f.beb«»™pan.^^ 

.^laL f S,— wed urn ER Oanes .-2, or wiM type ER Oanes 
it^ted witb G^.REA O^A bonnd to GST-Sepbarose beads, r.^^ « 
, vehicie (-, or estradiol (E). Bound proteb, was eluted and analyaed by 12.5% 

rolyacyllidcgelelectropboresis. Xbe ™.^rs at tb. left Wicate n^let* Size n^ 
l Ll-c *Da,. Typicaily, 12-15% of .pufradiolabeled wUd-type ER was bont- 
GST-REA in the presence of ligand. 

«nd translated P'S]REA was retained by the GST-ER affinity 
30 In vitro transcribed and translateo i oj^^ 

f THT and estradiol (Fig. 4). REA was not retained on the Gb l 
colnnui in the presence of TOT and estraaioi vrig. ; 
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ftel«andbWmg*H»™ofh»n»nPR-B(GST-PR)totepi««nc=orab^ 
„,U..o»^.ne.a«veU40QER»«er«aU»io„.h=OST-REAco,„nn«.«.^ 

type ER. 
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exa^i^d if REA «,i.ER notion by wi».U« DN A binding fU^on 

„t„«ERT*.abi,i.,ofU,= ER,obiMU,«rog«-Kspoose*men.(EBE,DNAw,s,^ 

^■Ze^exp.es.ic.vec,„,ro.BEAO5,50o.™ng)».40ngo,*eC™- 

cy,o„.ga,ovi™s prc„ogen .«po«e .>«n»M^o.n^' 

rledB<eese,;.C.e,a,.a992,.^™LA*er«anrf«ion,,i»ce^»--.«a-*^ 
M ^-^aioHo. . b. Ce„ w»e .epa.d and anaivzed CA~ ^ ; 

gaiac.o,idas..=Uvi^(i7).mleve,ofac<ivivlnce.U«hi*-.™*»''™^'^'^ 
(EREH-CAT reporter but no ER expression vector «as set at 100%. 

Tta described ass., aliowed us to exantine t>» e«^. ot BEA on ™-bind^ 
«^ in intact .ns using low tevels „1 expression «c,or for REA^ "J^^^ 
bit^oftbeBRtotbeEREisassayedbytbe abi.it, Of d»BRbo.».»«.^^ 

^tion .to., a constinttively active cytomegalovirus pro.,<«er. A 57% rep^»n^ 
CMVpr^noter activity was observed^ceuscotransfcctedwitbanexpress^nv^^^ 

„iK> 1 BR. Repression retired a fun«iona, ERE arK, was not observo. wtb a ,™^t.d 
:IrjERE(LBn..).«w,.cb,beERdoesnotbi„d.Cotrans,.tionwi«rRBAdK.n. 

!^.cant,yc>..nge««n«g.«eofER-«diatedrepressionofCMVpr«.oter.^^ 
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REA al<« did not aft« 0« »:dvi,y of CMV pro,„o»r. I. is cl.., tha, *e repression 
of ER activi., by MA is no. due u, a red^^Uon ia ER DNA-bi»l,ng acUvi,,. Our da. also 
tapte tot REA does not t.y teptaS «>= ER out of fte nucleus. 

We next delemnned if BEA affects steps subsequent to DNA bindinj in Uie ER 
response pathway. One of these steps is the hu^onal int^action of d. ER with necessary 
3^er or coactivatorpro,eim.CHO cells weretransf^withSng of expression vector for 

ER and 2 .g of (BRE).-TATA-CAT report co.s»«. The eels were cotransftcted w^ 
i„creasingconcentratio.sofa„expressionv«.rforSRC.lintheprese„ceorabsenceofREA 

asir^icatcd. Thecel>swerealsotra..fec.edwitha(>-galactosidasei«er.alco«olr^^^^ 
„ correct for transiection effKienc,. CeU extracts were d«. treat«i f^ 24 h w,d. 10 M 
estradiol (EJ. Cell extracts were prcpan»l atui analyzed for CAT acUvity and |)-g.lac«>s.dase 
activity. Values are the means ± SD from three separate experiments. 

AS expected (Onate, S.A. (1995) Sde„ce 270a354; Mclner»=y, E.M. et 1. <19W 
™ral, the coacdvator SRC-1 enhanced the esinKliol-mediated transcriptional acdvity of ER 
„pto4.5-foid(Fig.5,l.i. — par.l).CoexpressionofREAsup,»essedd«enha,.:e«e« 

ERtra^ripaonal activity by SRC-l.anditdKl so inaeo,«ntra«onK.ependcntmam»r(F.g^ 
5 middle ^ right panels,, implying n»mal compedtton betweo. these two protema and 
s ggesth^ to. REA and SRCl may compete for interaction with ER and for m«taUt.on of 
ER hiolo ica, acdvi.y. Of no«, much lower leve. of to expression vec»r for REA^.|» 
compared to d» expression vector for SRC-l, were ne»i.d to inhibit to SRC-l-m-dtat^d 
enhlcemen, of ER transcriptiona, activity. It is known to. SRC-1 binds .o to acvau^ 
hmct,„n.2 (AF.2, region of ..clear receptors lO^te, S.A. et al. (.995) wm; 
e, al (1997) Mol. E«^cnm>. 11:1375], and our yeast 2.hybrid screemng puUed o« REA 
using to portion of to ER encompassmg AF.2. This result indic«es tot to mutual 
competitabe»^F^andSRC.lr=prcsen.compc.idvebindingof^f.c»«w,.hto 

AF.2 .egion of to recepror, altough h.rtor smdies will provide gre«.r resohmon of to 
^ofREAand ER Which in.ra«.Theobserva.ionto.toU40Qdominamne^ve 

. ERshowsprefe,en.ialin«rac.ionwi.hREAisconsi.e„.«i,hd.shypotos..^weW^^ 

this transcriptionally imu^ive mutant ER fails to tater»>t with coacdvators such as SRC-1. 
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Interestingly, REA enhances antiestrogen and dominant negative ER potency at 
concentrations that are lower than those at which it suppresses estradiol-ER activity. At higher 
concentrations of REA, where estradiol-stimulated activity of the wild type ER is suppressed, 
similar efficacy of REA is observed with ERa and ERp. In Figure 5C. we present a model 
for REA potentiation of antiestrogen inhibitory effectiveness and for repression of ER activity. 
This model predicts that the cellular level of REA will be an important determinant of the 
effectiveness (potency) of antiestrogens in inhibiting estrogen activity: In cells with no or low 
levels of REA, estradiol will effectively activate ER-mediated transcription and antiestrogens 
will suppress estrogen action; at high ceUular levels of REA, antiestrogen potency will be 
markedly enhanced, resulting in a much greater inhibitory effectiveness of low concentrations 
of antiestrogen. With high levels of REA. estradiol-occupied ERs wiU also have their 
stimulatory effectiveness suppressed, thereby further reducing estrogen activity in cells. REA 
thus sensitizes cells to the antagonist activity of antiestrogens over a range where it has 
minimal effect on desensitizing cells to estrogens, but at high levels, reduced response to 
estradiol would also be expected. 

REA bears no structural resemblance to three known corepressors of the nuclear 
receptor subfamily of non-steroid hormone receptors, namely N-CoR, SMRT and SUN-CoR 
[Chen, J.D. etal. (1995) iVaf«r« 377:454; Horlein. A.J. etal., (1995) 377:397; Chen, J.D. 
et al. (1996) Cell 89:373; Zarair. I. et al. (1997) Proc. Natl. Acad. ScL USA 94:14400], and 
unlike these corepressors, which interact with thyroid hormone or retinoic acid receptors, REA 
shows great selectivity for estrogen receptors. A major difference between REA and N- 
CoR/SMRT and SUN-CoR is that REA interacts preferentially with a liganded ER, whereas 
SMRT and N-CoR and SUN-CoR interact with an unliganded receptor and dissociate firom the 
receptor upon ligand binding . Thus , repressor interaction with unliganded thyroid receptor or 
retinoic acid receptor correlates well with the repressive activity of thyroid receptor or retmoic 
acid receptor in the absence of their ligand. In contrast, die ER when unliganded is inactive 
and does not have repressive activity. Although SMRT and N-CoR have been shown to 
suppress the agonistic activity of the tamoxifen-occupied ER [Jackson, T. A. et al. (1997) Mol. 
Endocrinol. 11:693], these corepressors do not enhance the inhibitory effectiveness of 
antiestrogens, nor do they alter the activity of estrogen-liganded ER. REA is involved in 
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potentiating the repression by the antiestrogen-liganded ER and dominant negative ERs and. 
at higher levels, in reduction of the transcriptional activity of estrogens. 

AlthoughREA is unrelated structuraUy to the three known corepressorsof some nuclear 
receptors (SMRT, N-CoR. and SUN-CoR), it shows very strong homology with a murine B- 
cell receptor associated protein named BAP-37. Although first identified [Terashima. M. et 
al. (1994) supm-^ Ansari-Lari, M.A. et al. (1997) supra; Kim, K.-M. et al. (1994) supra\ in 
B cells, BAP-37 was also shown to be present in all cells and tissues examined, clearly 
indicating that it fanctions in cells which do not contain the B cell receptor, although its 
activities have not been characterized [Terashima, M. et al. (1994) supra, Ansari-Lari, M.A. 
et al. (1997) supra]. Intriguingly . BAP-37 is related to prohibitin (49% ammo acid identity), 
a highly conserved protein that is reported to play roles in diverse processes, including 
development, tumor suppression, and senescence [McClung. J.K. et al. (1995) supra; Jupe, 
ER etal (1996) C^//. Grow^ADr. 7:871; Asamoto.M. etal. (1994) QwcerL«fr^ry83:M^ 
Thompson. W.E. et al. (1997) J. Reprod. Fen. m:331; Lm. X.-T. et al. (1994) Biocf^m. 
Biophys. Res. Cormm. 201:409; Nuell, M.J. et al. (1991) Mol. Cell. Biol. 11:1372; Sato, T. 
et al. (1993) Genomics 17:762]. 

To the best of our knowledge, REA is the fnrst estrogen receptor-selective coregulator 
to be identified . REA also represents the first example of a protein which enhances the potency 
of two inhibitors of ER action, antiestrogens and dominant negative ERs. implying that 
interaction with REA may represent an important point of convergence in the mechanism of 
action pathway through which these two factors function. The ER-selective activities of REA 
indicate that it plays an important role in determining the sensitivity of estrogen target cells, 
includmg breast cancer ceUs, to antiestrogens and estrogens. 

Example 6 . 

The interactions of REA with ER, of SRC-1 with ER and the combination of REA and 
SRC-1. in the presence of an estrogen or an antiestrogen. were smdied by analysis of GST- 
pulldown assays. Binding studies of GST-REA in the presence of various segments of ER. in 
the presence of TOT or E2 revealed that REA interacts with the carboxy-terminal portion of 
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the ER (domains E and F) in a honnoacKiependent manner. Furthennore, the N-terminal A. 
B and C regions of domains of ER do not interact with REA. These findings made it possible 
to conduct other GST-pulldown assays using a GST labeled segment of ER, from amino acds 
282 595 (GST-ER 282-595) GST-ER 282-595 was incubated with radiolabeled SRC-1 alone; 
with radiolabeled REA alone; and with a fixed amount of radiolabeled REA in the presence of 
iiKreasing amounts of radiolabeled SRC-1. The results are shown in Fig. 6. In the rows 
bracketed "SRC-l' the data demonstrate that SRC-1 interacts with ER in the presence of 
estrogen (E^ but not antiestrogen (TOT). The rows bracketed "REA- demonstrate that REA 
interacts with ER in the presence of E, or of TOT . In the rows bracketed as REA and SRC-1 
(the latter at increasing concentrations fl.>m left to right), the data demonstrate that REA 
binding to ER is competitive with SRC-1 (in the presence of E,). 
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'^^^e l«el of REA in MCF-7 brast cancer ceUs was measured in the presence and 
^ „, cid^ es^gen or androgen. The celiniar >eve, of REA was n=iU>er i^reased 
nor decreased by estrogen or andeslrogen. 

U,els of REA ni!NA were analyzed to a large varied of samples of human tissues. 
The results demomtrated that REA is expressed in .irn^llyaUceUUnes and tissues. Uvels 

of mRNA were somewhat different in differed Ussues. REA was relatively high m hver. 

ovary, n« gla.-. P-«. Pi"^ ""^ '° 

examined. 

The introduction of REA antisense RNA in«. breast cancer or ovarian cancer cells 
resulted to a 3- to 4-fold increase to respo,^ » estroget. as measured by transcript^ 
activity of dte ER to the presence of icm estradiol. Therefore, e«ioge«,us cellular REA 
m)rmally dampens the tissue response to estrogen. 

ThetovenUonhasbeendescribedwithreapeettothedauobtatoedforhumanREAa^ 

i« functional attributes. U will be recognized b, those of ordtoary sltiU to the an dtat ^ 
principles.,^ teachings hetemeanbemorebroadlyappW toward anarra, of product^ and 

pJsestbat..,tberembodythesepr,»=ip.esa,^«aehtogs.Wtovention.he«foremcWes 
les^tothear.andappliedwi.h««.^expenmen.aUon.allassetforth,n.hecU,ms. 
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1 An isolated and purified protein having activity as a repressor of estrogen receptor 
(REA), having a molecular weight of about 37 kDA and having the amino acid 
sequence of human REA or an amino acid sequence at least 60% identical thereto 
within those segments of the protein corresponding to amino acids 19-49 and 150-174 
of human REA. 

2. The protein of claim 1 having at least 80% sequence identity within the segments 
corresponding to amino acids 19-49 and 150-174 of human REA. 

3. The protein of claim 1 having at least 90% sequence identity within the segments 
corresponding to amino acids 19-49 and 150-174 of human REA. 

4. The protein of claim I having the amino acid sequence of SEQ ID N0:2. 

5. The protein of claim 1 having an added amino acid sequence combined therewith to 
form a fiision protein, the added sequence forming a specific binding site. 

6. The fusion protein of claim 5 where in the added sequence is oligo-histidine. 

7. The fusion protein of claim 5 wherein the added sequence is glutathione-S-transferase. 

8. An antibody having binding specificity for a repressor of estrogen activity. 

9. The antibody of claim 8 wherein the antibody is polyclonal. 

10. The antibody of claim 9 having a label moiety attached thereto, the label moiety being 
selected from the group, a radioisotope, a fluorophore, a chromophore, a lummescence 
molecule or an enzyme. 
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The antibody of claim 8 wherein the antibody is monoclonal. 
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12. The antibody of claim 11 having a label moiety attached thereto, the label moiety being 
selected from the group, a radioisotope, a fluorophore, a chromophore, a luminescence 
molecule or an en2yme. 

13 . A method for measuring the amount of repressor of estrogen receptor activity (REA) 
in a cell or tissue sample, comprising the steps of 

contacting a lysate or protein extract of said sample with an antibody having 
binding specificity for said REA, under conditions permitting formation of an antibody 
REA complex, the amount of said complex being proportionate to the amount of REA 
in said sample, 

separating the antibody-REA complex from said sample, 

measuring the amount of the antibody-REA complex, 

comparing the amount of antibody-REA con?)lex from said sample witii an 
amount of antibody-REA complex from a control sample having a known or 
standardized amount of REA, whereby the amount of REA in said sample is measured. 

14. The method of claim 13 wherein tiie method is an enzyme-lmked immunoassay 
(ELISA). 

15 . The method of claim 13 wherein tiie method is a radioimmune assay (RIA). 

16. The method of claim 13 wherein the metiiod is an immunofluorescent assay. 

17. A method of testing a compound for antiestrogen activity comprising the steps of 
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combining estrogen receptor (ER), or a segment thereof capable of binding a 
repressor of estrogen receptor activity (REA). with REA in the presence of the 
compound being tested under conditions permissive for binding to ocxnir, 

measuring the amount of labeled REA bound to ER then, if any binding is 
measured, combining ER or the segment thereof capable of binding REA, withSRC-1, 
in the presence of the compound being tested, 

measuring the amount of SRC-1 bound to ER, 

comparing the amount of REA bound to the amount of SRC-1 bound whereby 
the compound being tested has antiestrogen activity if the amount of binding of REA 
to ER exceeds the amount of SRC-1 binding to ER in the presence of the compound 
being tested. 

18. The method of claim 17 wherein the binding of REA or of SRC-1 to ER is measured 
by surface plasmon resonance. 



19. 



The method of claim 17 wherein REA or SRC-1 has a label moiety attached thereto, 
selected from the group: a radioisotope, a chromophore, a fluorophore or a luminescent 
compound. 

20. The method of claim 19 wherein the label moiety is a radioisotope and ER is 
immobilized as a fusion protein with glutathione-S-transferase on a support matrix 
havii^ glutathione covalently attached thereto. 

21. The method of claim 19 where the label moiety is a radioisotope and binding is 
measured by scintillation proximity. 

22. The method of claim 19 wherein the label moiety is a fluorophore and binding is 
measured by fluorescence resonance energy transfer. 
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23. A DNA comprising a promoter operatively linked with a nucleotide sequence encoding 
an REA, said promoter being capable of controlling transcription of the sequence 
encoding an REA in a desired host cell. 

24. A transformation vector comprising the DNA of claim 23 . 

25 The vector of claim 24 wherein the nucleotide sequence is SEQ ID NO: 1 . 

26. The vector of claim 23 wherein the nucleotide sequence additionally encodes an 
additional amino acid sequence combined therewith to encode a fusion protem, the 
added amino acid sequence forming a specific binding site. 

27. The vector of claim 26 wherein the additional nucleotide sequence encodes oligo- 
histidine. 



28. 



The vector of claim 26 wherein the additional nucleotide sequence encodes glutathione- 
s-transferase. 



29. A method for potentiating the activity of an antiestrogen administered to a cell 
comprising the steps of 

transforming the cell with a transformation vector comprising a segment 
encoding a i^pressor of estrogen receptor activity (REA) expressible in the cell, and 

maintaining the cell under conditions that permit expression of REA in the cell, 
whereby administration of an antiestrogen to the cell increases the activity of the 
antiestrogen in the transformed cell compared to the activity of the antiestrogen in an 
untransformed cell. 



30. 



The method of claim 29 wherein the segment encoding an REA is expressible under 



control of a constitotive promoter. 
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31 . The method of claim 30 wherein the segment encoding an REA is expressible under 
control of an inducible promoter. 

32. The method of claim 29 wherein the host cell is a breast cell. 

33. The method of claim 29 wherein the host cell is an endometrial cell. 

34. The method of claim 29 wherein the host cell is an ovarian cell. 

35. The method of claim 32 wherein the host cell is a breast cancer ceU. 

36. The method of claim 29 wherein the segment encoding an REA has the nucleotide 
sequence of SEQ ID N0:1. 
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<110> Board of Trustees of the University of Illinois 
<120> Repressor of Estrogen Activity 
<130> 69-98WO 

<140> unassigned 
<141> 1999-11-04 

<150> US 60/1-7,046 
<151> 1998-11-04 

<160> 2 

<170> Patentin ver. 2.0 

<210> 1 
<211> 900 
<212> DNA 

<213> Homo sapiens 

Itaqcccaga acttgaagga cttggcggga cggctgcccg ccgggccccg gggcatgggc 60 
SIcccSa agctlttgct gggggccggc gccgtggcct acggtgtgcg c^aatctgtg 120 
l^llr^r^tla aaaacqqgca cagagccatc ttcttcaatc ggatcggtgg agtgcagcag 180 
aacIcStcc tglSSgS cc^tcacttc aggatccctt ggttccagta ccccattatc 240 
lllTcTttc gS=clg!cc tcgaaaaatc tcctccccta caggctccaa agacctacag 300 
^taoJaSta ???ccctgcg agtgttgtct cgacccaatg ctcaggagct tcctagcatg 360 
ScSgcc "gggctlga ctacgaggaa cgagtgttgc cgtccattgt taatgaggtg 420 
ctcaalStg tglS^ccaa g.tcaatgcc tcacagctga tcacccagcg ggcccaggta 4 0 
tccctgttga tccgccggga gotgacagag agggccaagg acttcagcct catcctggat 540 
gatgtlgcL tca«gagct gagctttagc cgagagtaca cagctgctgt agaagccaaa 600 
r«;,ataaccc agcaggaggc ccagcgggcc caattcttgg tagaaaaagc aaagcaggaa 660 
cagcScaga Z^IH. ggccgagggt gaggccgagg ctgccaagat scttg^agaa 2 
^.!^^LaL aaaaccctgg ctacatoaaa cttcgcaaga ttcgagcagc ccagaatatc 780 
Saaracga ScacaS acagaatcgt atctatctca cagctgacaa ccttgtgctg B40 
aacctacalg at^aaagttt caccagggga agtgacagcc tcatcaaggg taagaaatga 900 

<210> 2 
<211> 299 
<212> PRT 

<213> Homo sapiens 

net 111 Gin Asn Leu Lys Asp Leu Ala Gly Arg Leu Pro Ala Gly Pro 
Arg Gly Met Gly Thr Ala Leu Lys Leu Leu Leu Gly Ala Gly Ala Val 
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Ala Tyr Gly Val Arg Glu Ser Val Phe Thr Val Glu Gly Gly His Arg 
35 " *^ 
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Ala lie Phe Phe Asn Arg He Gly Gly Val Gin Gin Asp Thr He Leu 
50 55 60 

Ala Glu Gly Leu His Phe Arg He Pro Trp Phe Gin Tyr Pro He He 
65 " ^° 

Tvr ASP He Arg Ala Arg Pro Arg Lys He Ser Ser Pro Thr Gly Ser 
85 90 

Lvs ASP Leu Gin Met Val Asn He Ser Leu Arg val Leu Ser Arg Pro 
100 110 

Asn Ala Gin Glu Leu Pro Ser Met Tyr Gin Arg Leu Gly Leu Asp Tyr 
115 120 125 

Glu Glu Arg Val Leu Pro Ser He Val Asn Glu Val Leu Lys Ser Val 
130 "5 "0 

val Ala Lys Phe Asn Ala Ser Gin Leu He Thr Gin Arg Ala Gin Val 
145 150 155 160 

ser Leu Leu He Arg Arg Glu Leu Thr Glu Arg Ala Lys Asp Phe Ser 
165 170 I'^S 

Leu He Leu Asp Asp Val Ala He Thr Glu Leu Ser Phe Ser Arg Glu 
180 185 190 

Tvr Thr Ala Ala Val Glu Ala Lys Gin Val Ala Gin Gin Glu Ala Gin 
195 200 205 

Arg Ala Gin Phe Leu Val Glu Lys Ala Lys Gin Glu Gin Arg Gin Lys 
210 215 220 

He val Gin Ala Glu Gly Glu Ala Glu Ala Ala Lys Met Leu Gly Glu 
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230 235 240 



Ala Leu ser Lys Asn Pro Gly Tyr He Lys Leu Arg Lys He Arg Ala 

245 250 255 

Ala Gin Asn He Ser Lys Thr He Ala Thr Ser Gin Asn Arg He Tyr 
260 265 270 

Leu Thr Ala Asp Asn Leu Val Leu Asn Leu Gin Asp Glu Ser Phe Thr 
275 280 285 

Arg Gly Ser Asp Ser Leu He Lys Gly Lys Lys 
290 295 
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